Ankle systolic blood pressure and its ratio to brachial systolic blood pressure, that is, ankle-brachial systolic pressure index (ABI), reflect arterial hemodynamics in lower extremity. A reduced value of these measurements is caused by hemodynamically significant arterial stenosis and therefore indicates the presence of peripheral arterial disease (PAD). ABI ≤0.90 in symptomatic individuals, for example, is approximately 95% sensitive in detecting arteriogram-positive PAD and almost 100% specific in identifying healthy individuals ([@B1]). Because of their predictive capability and noninvasiveness, these measurements are recommended for screening and determining PAD in many clinical settings ([@B2]). Furthermore, ABI is also known as an independent prognostic risk factor for fatal and nonfatal cardiovascular disease and all-cause mortality in a general population ([@B3]--[@B5]), as well as in diabetic patients ([@B6]) and in patients with end-stage kidney disease receiving hemodialysis ([@B7]). Their usefulness in clinical practice is now widely recognized.

On the other hand, it has often been pointed out that patients with diabetes and renal failure would have their ankle systolic blood pressure and ABI falsely elevated because of their noncompressible vessels caused by vascular calcification ([@B2],[@B8]). As previous studies showed, elevated ABI indicates a clinically important characteristic and has attracted increasing attention in clinical practice ([@B9]--[@B11]).

No clinical data are so far available, however, about whether these falsely elevated measurements could be similarly observed in patients with critical limb ischemia (CLI). CLI is a manifestation of PAD that describes patients with chronic ischemic rest pain or with ischemic skin lesions, either ulcers or gangrene. It is associated with an extremely poor prognosis for both survival and limb salvage; its prompt diagnosis and following revascularization are therefore important. Although TransAtlantic Inter-Society Consensus (TASC) ([@B12]), a worldwide clinical guideline for PAD, and its revised consensus TASC II ([@B1]) acknowledge the validity of using ankle systolic blood pressure and ABI in the detection of CLI, little is known about the distribution of these measurements and the influence of comorbidities on these measurements in CLI patients. A previous clinical study disclosed in patient characteristics that about half of the recruited CLI patients with ischemic skin lesions had ankle systolic blood pressure higher than 70 mmHg ([@B13]). Elevation of these measurements might be more common in CLI patients than expected.

We hypothesized that in CLI patients, diabetes and end-stage renal disease were associated with arterial calcification and consequently with falsely elevated ankle systolic blood pressure and ABI. To verify the hypothesis, we investigated in the current study whether these clinical comorbidities had significant associations with ankle systolic blood pressure and ABI, as well as arterial calcification, in CLI patients.

RESEARCH DESIGN AND METHODS {#s1}
===========================

Study population and definitions {#s2}
--------------------------------

We recruited 269 consecutive Japanese patients with CLI who underwent angiographical examinations in the lower body including tibial segments as well as the measurement of ankle systolic blood pressure and ABI and were treated with subsequent endovascular therapy in Kansai Rosai Hospital, Hyogo, Japan. The hospital was positioned as the regional core hospital supporting community medicine in Hyogo Prefecture, and patients with chronic ischemic rest pain and/or foot ulcer or gangrene were referred to the cardiovascular division of the hospital.

All the referred patients were evaluated for limb ischemia by angiography. The diagnosis and management of CLI were compliant with TASC ([@B12]) or its revised consensus, TASC II ([@B1]). Once patients were diagnosed as CLI, endovascular therapy was used as the first-line procedure for revascularization, within the recommendations in TASC (II). The indication of endovascular therapy was judged by consensus among vascular specialists including vascular surgeons. Patients were excluded if they were considered to be poor candidates for angiography and subsequent revascularization as a result of severe comorbidities including hemodynamic risk or difficulty having supine rest during the intervention or they refused the intervention. Ankle systolic blood pressure and ABI were evaluated in all the recruited patients before endovascular therapy with the use of the automated oscillometric device provided by OMRON COLIN Co., Ltd. (Tokyo, Japan). Its validity has been reported elsewhere ([@B14],[@B15]). Arterial stenoses of the lower body and calcification of tibial arteries were assessed angiographically. Calcified lesions were defined quantitatively as obvious densities noted within the apparent vascular wall in the angiogram ([@B16]).

Diabetes was determined when patients had been treated for it or when they met the following criteria: fasting plasma glucose level ≥7.0 mmol/L, casual plasma glucose level ≥11.1 mmol/L, or HbA~1c~ level ≥6.5% ([@B17]). Dyslipidemia was defined as serum LDL cholesterol ≥2.6 mmol/L or HDL cholesterol \<1.0 mmol/L or triglycerides ≥1.7 mmol/L or having been treated for dyslipidemia. We performed the current study in accordance with the declaration of Helsinki, and it was approved by the ethics committee of Kansai Rosai Hospital. We obtained written informed consent from all the recruited patients.

Statistical analyses {#s3}
--------------------

Data are given as mean ± SD for continuous variables and as percentages for dichotomous variables if not mentioned otherwise.

We first assessed the distributions of ankle systolic blood pressure and ABI in the recruited CLI patients. We also examined the prevalence of ankle systolic blood pressure ≥250 mmHg and ABI \>1.40, suggesting typical noncompressible measurements ([@B1]), as well as that of ankle systolic blood pressure ≥70 mmHg and ABI \>0.90, suggesting false elevations in CLI patients ([@B1]).

We subsequently assessed the following three associations in the recruited CLI patients: *1*) the association of clinical characteristics with ankle systolic blood pressure and ABI, *2*) the association of clinical characteristics with arterial calcification, and finally *3*) the association of angiographic observations, including calcification as well as arterial stenosis, with ankle systolic blood pressure and ABI. Measurements of ankle systolic blood pressure and ABI were assessed as continuous dependent variables. Arterial calcification was treated as a dichotomous variable.

In unadjusted analyses for continuous outcomes, the significant difference between patients with and without each comorbidity was assessed by the use of unpaired *t* test. Because ankle systolic blood pressure was expected to be strongly influenced by systemic blood pressure, we also demonstrated its difference adjusted for measurements of brachial systolic blood pressure by ANCOVA. The association with dichotomous outcomes was analyzed in a univariate logistic regression model. Explanatory variables were subsequently entered all together into multivariate model to reveal the independent influence on the outcomes.

A *P* value \<0.05 was considered statistically significant. Differences in continuous dependent variables and odds ratios (ORs) of dichotomous dependent variables, as well as their 95% confidence intervals (CI), are reported. Statistical analyses were performed using IBM SPSS Statistics Version 19 (SPSS, an IBM company).

RESULTS {#s4}
=======

The recruited patients were 71 ± 11 years old, and 184 of 269 (68%) were male. A total of 191 patients (71%) had diabetes, and their median diabetic duration and its quartiles were 20 (10: 27) years. Regular hemodialysis was received by 126 patients (47%), with their median dialysis vintage 5 (2: 10) years. One hundred ninety-three patients (72%) had antihypertensive treatment. The prevalence of dyslipidemia, smoking, and foot ulceration was 77 (*n* = 206), 67 (*n* = 181), and 84% (*n* = 227), respectively. Ankle systolic blood pressure was 85 ± 56 mmHg and ABI was 0.59 ± 0.37, whereas brachial systolic blood pressure was 143 ± 27 mmHg. Ankle systolic blood pressure was significantly associated with brachial systolic blood pressure (Pearson's *r* = 0.36, *P* \< 0.01), whereas ABI was not (Pearson's *r* = 0.08, *P* = 0.18). A total of 171 patients (64%) presented ankle systolic blood pressure ≥70 mmHg and 60 patients (22%) had ABI more than 0.90. ABI \>1.40 was observed in only one patient (0.4%), and the rest had ABI below 1.40. No patients had their ankle systolic blood pressure 250 mmHg or more.

Association of clinical characteristics with ABI and ankle systolic blood pressure {#s5}
----------------------------------------------------------------------------------

[Table 1](#T1){ref-type="table"} shows the association of clinical characteristics with ABI. Patients with diabetes and regular hemodialysis had slightly, but not significantly, elevated ABI compared with those without these comorbidities; the differences and 95% CI were only 0.04 \[−0.05, 0.14\] and 0.06 \[−0.02, 0.15\], respectively. Neither did other clinical characteristics have any significant association with ABI ([Table 1](#T1){ref-type="table"}).
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Similar findings were observed when we investigated the association of diabetes and regular hemodialysis with ankle systolic blood pressure. As shown in [Table 2](#T2){ref-type="table"}, patients with diabetes and regular hemodialysis had slightly, but not significantly, higher ankle systolic blood pressure compared with those without these comorbidities; their adjusted differences and 95% CI were 5 \[−9, 19\] and 11 \[−2, 24\] mmHg, respectively. Neither did any other comorbidity provide significant difference ([Table 2](#T2){ref-type="table"}).
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Association of clinical characteristics with arterial calcification {#s6}
-------------------------------------------------------------------

Calcification of tibial arteries was found in 186 patients (69%), and we assessed the association of clinical characteristics with the arterial calcification. As shown in [Table 3](#T3){ref-type="table"}, diabetes and regular hemodialysis, as well as male sex, had a significant association with arterial calcification in the univariate model. These two variables were also significantly associated with arterial calcification in a multivariate model, in which adjusted ORs were 2.33 \[1.24, 4.36\] (*P* = 0.01) and 7.40 \[3.72, 14.7\] (*P* \< 0.01), respectively. Other variables had no significant association with the arterial calcification.
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We subsequently performed category analysis to assess the effect of diabetic duration and dialysis vintage on the outcome. In brief, diabetic patients were categorized into two groups with the use of the median values of diabetic duration (20 years) and were compared with nondiabetic population in the multivariate model. Similarly, patients receiving regular hemodialysis were classified with the median dialysis vintage (5 years) and were compared with nondialysis receivers. As a result, longstanding diabetes and hemodialysis were both independently associated with an increased risk of arterial calcification (*P* \< 0.01). The adjusted OR \[95% CI\] for diabetes with duration ≥20 years was 4.65 \[2.03, 10.6\], whereas that for diabetic duration \<20 years was 1.57 \[0.78, 3.15\]. On the other hand, the adjusted OR for regular hemodialysis with vintage \<5 years and ≥5 years was 4.45 \[1.90, 10.4\] and 10.1 \[3.61, 28.3\], respectively.

Association of angiographic findings with ABI and ankle systolic blood pressure {#s7}
-------------------------------------------------------------------------------

We finally investigated the association of angiographic characteristics with ABI and ankle systolic blood pressure. The stenosis of iliac, femoral, and tibial arteries was found in 45, 171, and 222 patients (17, 64, and 83%, respectively), and patients with arterial stenosis in each segment had lower levels of ABI and ankle systolic blood pressure than those without the stenosis. As shown in [Table 4](#T4){ref-type="table"}, multivariate analysis revealed that all of these arterial stenoses were independently associated with reduced ABI and ankle systolic blood pressure. The adjusted reduction by each segmental stenosis ranged from −0.13 to −0.28 in ABI and from −18 mmHg to −40 mmHg in ankle systolic blood pressure ([Table 4](#T4){ref-type="table"}).
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On the other hand, arterial calcification had no significant association with either ABI (*P* = 0.89) or ankle systolic blood pressure (*P* = 0.56) ([Table 4](#T4){ref-type="table"}). Neither was its association with ankle systolic blood pressure statistically significant after additional adjustment for brachial systolic blood pressure (*P* = 0.96).

CONCLUSIONS {#s8}
===========

Ankle systolic blood pressure and ABI can noninvasively assess hemodynamics in the lower limb and are now widely used in clinical practice to screen and determine PAD ([@B1]). These measurements are also used in the detection of CLI; when patients have unhealing foot ulceration or rest pain, one can suspect it of resulting from lower-limb ischemia if these measurements are reduced. The current study demonstrated that arterial stenosis in each segment of the lower body was independently associated with a reduced ankle systolic blood pressure and ABI level in CLI patients. These findings suggest that accumulating arterial stenoses of the leg would additively reduce these measurements and that smaller values of the measurements would clinically reflect more widely distributed arterial stenoses.

On the other hand, it has been pointed out that these measurements can be falsely elevated in patients with diabetes and end-stage renal disease because of their noncompressible vessels caused by vascular calcification ([@B2],[@B8]). However, it still remains unrevealed whether these false elevations could be similarly observed in CLI patients. Furthermore, although it is often mentioned that ankle systolic blood pressure in CLI patients is typically lower than 70 mmHg, its true distribution in CLI patients has been seldom reviewed and so far is not fully understood. According to a very few previous clinical trials, which disclosed its distribution in their patient characteristics, elevated ankle systolic blood pressure might be more common than expected ([@B13]). To clarify these issues, we limited the study population to CLI patients and investigated the distribution of these measurements and the association of clinical characteristics with these measurements. We hypothesized that diabetes and regular hemodialysis would increase the risk of arterial calcification and would consequently be associated with a false elevation of ankle systolic blood pressure and ABI in CLI patients.

The current study found that mean measurements of ankle systolic blood pressure and ABI were as high as 85 mmHg and 0.59 and that a substantial part of the patients had ankle systolic blood pressure ≥70 mmHg and/or ABI \>0.90. However, in contrast with our initial hypothesis, neither diabetes nor regular hemodialysis had any significant association with these elevated measurements, although these two comorbidities, especially with a long duration and vintage, significantly increased the risk of arterial calcification. The lack of significant association was also observed between arterial calcification and elevated ankle systolic blood pressure and ABI levels in the population. These findings suggest that both diabetes and regular hemodialysis are associated with arterial calcification as reported previously ([@B18],[@B19]), but that the presence of arterial calcification is not associated with elevated ankle systolic blood pressure or ABI in CLI patients.

Our current findings were in contrast with those in some previous literature ([@B20]), which demonstrated that diabetes was a dominant risk factor for elevated ABI levels. There would be two possible explanations of this discrepancy between our findings and theirs. One possible explanation would be the way of ABI measurement. In that previous study, they measured ABI by detecting the signals with photoplethysmography at the third finger and great toe, whereas in the current study we measured ABI with the use of the automated oscillometric device. There are three common methods of assessing ABI: oscillometric, Doppler, and photoplethysmographic techniques. Although these measurements provide similar results in some articles ([@B15],[@B21],[@B22]), it is possible that these three methods provide different results in calcified arteries. The oscillometric technique might be less subject to arterial calcification, whereas use of different methods might provide higher pressure measurements in calcified arteries.

Another possible explanation of the different findings in our current study from those in previous reports would be systemic distribution of noncompressible vessels in CLI patients. Previous studies often recruited PAD patients, including those with only intermittent claudication and with no symptoms, or patients suspected of PAD ([@B20]), whereas we limited our study population to CLI patients. It is well known that patients with CLI suffer more progressed atherosclerosis and more severe arterial calcification compared with patients with other PAD ([@B23]). In the current study population, the prevalence of tibial calcification had a considerable overlap (∼90%) with that of the arterial calcification elsewhere in the lower body (data not shown). Although we did not have any data about arterial calcification of the upper limb in the recruited patients, it would be of no surprise if patients with calcified tibial arteries were very likely to have other arteries, including those in the upper limb, similarly calcified ([@B24]--[@B26]). It might be that CLI patients whose ankle systolic blood pressure was falsely evaluated because of calcified tibial arteries were more likely to have falsely elevated brachial systolic blood pressure as a result of calcified brachial arteries ([@B27]--[@B31]). The coexisting false elevation of brachial systolic blood pressure would cancel the false increase in ABI caused by tibial calcification, and this is one possible explanation of no significant association between tibial calcification and increased ABI level.

Some may argue that these hypotheses do not explain the absence of a significant association between tibial calcification and ankle systolic blood pressure measurements. However, in clinical practice, brachial blood pressure is used as a substitute for systemic blood pressure; patients' systemic blood pressure is generally evaluated and controlled on the basis of the measurements of brachial blood pressure ([@B32]--[@B34]). No one ever knows in clinical practice whether their elevated brachial pressure reflects the presence of true hypertension or is caused by calcification of brachial arteries ([@B27]--[@B31]). Patients with truly elevated brachial pressure would be more likely to have their ankle pressure elevated by their hypertension too. On the other hand, as discussed above, patients with falsely elevated brachial pressure by arterial calcification would be more likely to suffer widely distributed calcification in the systemic artery ([@B27]) and therefore to have their ankle pressure falsely elevated. As a result, it would be clinically impossible to distinguish the false elevation of ankle pressure induced by arterial calcification from the true elevation as a result of hypertension. This would possibly be why we failed to observe significant difference in ankle systolic blood pressure between those with and without calcified tibial arteries.

In conclusion, both diabetes and regular hemodialysis were significantly associated with arterial calcification, but not with elevated measurements of ankle systolic blood pressure or ABI, in CLI patients. Furthermore, these noninvasive measurements were not affected by the presence of calcification in tibial arteries in these patients, whereas accumulating arterial stenoses in the lower body had additive effects on reduced levels of these measurements.
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